Introduction {#sec1-1}
============

Non-Insulin Dependent Diabetes Mellitus (NIDDM) is a multifactorial disease characterised by hyperglycemia and lipoprotein abnormalities. These traits are hypoyhetized to damage cell membranes, which results in excessive generation of reactive oxygen species. NIDDM has also been associated with an increased risk for developing premature atherosclerosis due to an increase in Triglyceride (TG) and Low Density Lipoproteins (LDL) and decrease in High Density Lipoprotein (HDL) levels.\[[@ref1]\]

The pomegranate, *Punica granatum* (L.), an ancient, mystical, and highly distinctive fruit, belongs to Punicaceae family. The pomegranate tree typically grows 12-16 feet tall. The leaves are glossy and lance-shaped. The pomegranate is a native of the Himalayas in northern India to Iran, but it has been cultivated and naturalized since ancient times over the entire Mediterranean region. It is also found in India and more arid regions of Southeast Asia, the East Indies, and tropical Africa.\[[@ref2]\] Pomegranate juice (fruit) prevents age-related vascular complications like atherosclerosis by decreasing lipid peroxidation and increasing antioxidant enzymes. Pomegranate fruits are widely consumed fresh and in beverage forms as juice and wine. Commercial Pomegranate juice contains high amount of polyphenols such as ellagic acid, gallotannins, anthocyanins, and other flavonoids (quercetin, kaempferol, and luteolin glycosides).\[[@ref3]\] Pomegranate also serves as a remedy for diabetes in the Unani system of medicine practiced in the Middle East and India.\[[@ref2]\] Chemical constituents of the leaf extract of *P. granatum* are almost similar to those of the fruit or seed, eg, ellagic acid,\[[@ref4]\] tannins (punicalin and punicafolin), and flavone glycosides, including luteolin and apigenin.\[[@ref2]\] In our previous study, the antidiabetic and antihyperlipidemic activities of the fruit of *P. granatum* have been observed. But, thus far, no scientific reports are available regarding the antidiabetic and antihyperlipidemic activities of the leaves of this plant. Therefore, the present study was carried out to evaluate the antidiabetic and antihyperlipidemic effects of ethanolic extract of leaves of *P. granatum* in alloxan-induced diabetic rats.

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Drugs Used {#sec3-1}

Leaves of *P. granatum* (PG) were collected in the month of April-May from Assam Medical College and Hospital (AMCH) campus, Dibrugarh, and authenticated by Dr. M Islam, Professor, Department of Life Science, Dibrugarh University. A voucher specimen (No. DU/LS/211) was deposited at Dibrugarh University. Alloxan Monohydrate was obtained from Sigma Aldrich, Bangalore. Crude powder of glibenclamide and metformin was obtained from Aventis Pharma Limited, Goa. Qualigens-Diagnostics Cholesterol, Triglyceride, and HDL-cholesterol kits were obtained from Sigma Diagnostics (India) Pvt Ltd, Vadodara, Gujarat.

### Preparation of Plant Extract {#sec3-2}

The leaves were washed thoroughly with distilled water, air-dried, powdered with an electrical grinder, and soaked in 90% ethanol for 6 hours in a tightly covered container. The extract was transferred to a percolator with 90% ethanol and percolation was allowed to proceed slowly till the drug was completely exhausted. Ethanol was evaporated to a soft extract at a temperature not exceeding 60°C and transferred to a vacuum desicator.\[[@ref5]\] A net yield of 30.6 g was obtained by percolating 250 g of dry leaf powder (12.24%). The extract collected was stored in air-tight glass containers in a refrigerator at 2-8°C for use in the experiments.

### Animals {#sec3-3}

Healthy albino rats of Wistar strain weighing 100-150 g (weight of rats somewhat lower than standard, but the rats were otherwise healthy, 6-8 weeks old, took normal average daily diet, displayed normal daily activity and behavior). Rats of either sex were used (because there may be some sex-related variations in the pharmacokinetics and pharmacodynamics of a drug). Thus, to identify the type of variations, we selected the animals of both sexes for the experiment. They were obtained from the Central Animal House, AMCH, Dibrugarh. The animals were housed in standard polypropylene cages and maintained under controlled room temperature (25 ± 5°C) and humidity (55 ± 5%) with 12:12 hour light and dark cycle. The rats were fed commercially available rat normal pellet diet and water *ad libitum*. Permission from the Institutional Animal Ethics Committee (Regd. No.634/02/a/CPCSEA) was obtained prior to commencing the study.

### Acute Oral Toxicity Studies {#sec3-4}

Albino rats of either sex were used for acute oral toxicity test according to the Organization for Economic Cooperation and Development (OECD) guidelines 425 (because no previous toxicity study was done for pomegranate leaves, so according to the standard protocol, we did the acute toxicity test to select the dose of ethanolic extract of *P. granatum* leaves). One-fourth of LD50 (\>2000) was taken for the study. A total of five animals were used, which received a single oral dose (2000 mg/kg body weight) of ethanolic extract of leaves of *P. granatum* (EELPG) after overnight fasting. After administration of EELPG, food was withheld for further 3-4 h. Animals were observed individually at least once during the first 30 min after dosing, periodically during the first 24 h (with special attention during the first 4 h), and daily thereafter for 14 days. At the end of the study, the animals were observed for general toxic signs, morphological behavior, and mortality. One-fourth of LD50 (\>2000) was taken for the study.\[[@ref6]\]

### Experimental Design for Anti-Diabetic Study\[[@ref7]\] {#sec3-5}

A total of 30 animals were equally divided into five groups with six animals in each group:
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The above drugs were administered orally once daily for one week.

### Induction of diabetes {#sec3-6}

Leaving aside six rats for normal control group, diabetes was induced in 24 rats by a single intraperitoneal injection of alloxan monohydrate in the dose of 150 mg/kg body weight. The fasting blood glucose was determined after 72 hours.\[[@ref8]\] Eighteen rats showing a blood glucose level of \>200 mg/100 ml were taken for the study.

Blood samples were collected from the orbital sinus of rats on the eighth day. For seperation of serum, blood was collected in a separate plain vial. The serum thus obtained was used for biochemical estimations.

### Method of blood glucose estimation {#sec3-7}

Blood glucose estimation was done by Glucose Oxidase Method\[[@ref9]\] using glucose kit manufactured by Sigma Diagnostic (India) Pvt Ltd, Baroda, Gujarat.

### Biochemical estimations {#sec3-8}

Total serum cholesterol was estimated by using Qualigens-Diagnostics Cholesterol Kit.\[[@ref10]\] Triglycerides were measured by enzyme colorimetric method using Qualigens-Diagnostics Triglyceride Reagent GPO.\[[@ref11]\] HDL--cholesterol was assayed by using Qualigens-Diagnostics HDL-cholesterol Kit.\[[@ref12]\] LDL--cholesterol was measured by using the formula of Friedewald *et al*.\[[@ref13]\] The atherogenic index was calculated using the formula of Schulpis *et al*.\[[@ref14]\]

### (1) Glycogen estimation of liver, skeletal muscle and cardiac muscle\[[@ref15]\] {#sec3-9}

The rats were divided into four groups with six animals in each as before.
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After two hours of administration of the above-mentioned drugs, the animals were sacrificed by decapitation. The liver, leg muscle, and heart tissues were taken out carefully and their glycogen content was estimated by the method of Carroll *et al*.\[[@ref15]\]

Tissues were then placed in an efficient blender under an appropriate volume of Trichloroacetic Acid (TCA) and homogenized for 3 minutes. The homogenate was poured into a suitable centrifuge tube and centrifuged for 15 minutes. The supernatant fluid was decanted upon acid-washed filter paper placed in a funnel draining into a graduated cylinder. The residue was transferred quantitatively to the blender with an appropriate volume of TCA and homogenized again for 1 minute. The mixture was centrifuged again and the supernatant fluid was poured through the same filter paper. The desired volume was made up with 5% TCA and mixed thoroughly. One millilitre of the TCA filtrate was pipetted into a 15-ml Pyrex centrifuge tube. To obtain the most reliable results, duplicate samples of each unknown were analyzed. Five volumes of 95% ethanol were added to each tube with careful blowing to ensure a thorough mixing. These tube were capped with clean rubber stoppers and allowed to stand overnight at room temperature. After precipitation was complete, the tubes were centrifuged at 3,000 rpm for 15 minutes. The clear liquid was gently decanted from the packed glycogen and the tubes were allowed to drain in an inverted position for 10 minutes. The glycogen was dissolved in 2 ml of distilled water, taking care to wash the side of test tube. A reagent blank was prepared by pipetting 2 ml of distilled water in a clean centrifuge tube. A standard was prepared by pipetting 2 ml of standard glucose solution containing 0.1 mg of glucose into a similar tube.

At this point, 10 ml of anthrone reagent was delivered into each tube with vigorous blowing consistently. This stream of anthrone reagent was directed into the center of the tube to secure good mixing. After the tubes received the anthrone reagent, they were tightly capped with air condensers and placed in cold tap water bath.

After all tubes had reached the temperature of cold water, they were put into a boiling water bath for 15 minutes. The tubes were placed in such a way that the level of boiling water was little above the level of liquid in the tube. The tubes were then removed to a cold water bath and cooled to room temperature. The tubes and stoppers were cleaned dry and the content of each was transferred to a colorimeter tube and read at 620 micrometer after adjusting the colorimeter with the reagent blank. Care was taken to avoid introduction of lint or contaminating carbohydrate into anthrone reagent.

### (2) Evaluation of effect of EELPG on intestinal glucose absorption by estimation of glucose uptake\[[@ref16]\] {#sec3-10}

The efect of EELPG was studied by the method described by Das (2001)\[[@ref16]\] with some modification. Das had made five to six intestinal loops of roughly equal size lying between the proximal jejunum and distal iluem. In the present study, an intestinal loop of 8 cm from the pyloric end was made.

Eighteen albino rats were divided into three groups, with six animals in each group:
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The treatments were given for 7 days, following which the animals were kept fasting for 18 hours. Subsequently, all animals were anaesthetized with thiopentone sodium 40 mg/kg i.p. and the abdomen was opened through midline incision and an intestinal loop of 8 cm from the pyloric end was made. D-glucose 2.5 mg (1 ml of 250 mg% in normal saline at 37°C) was given in the loop by a tuberculin syringe. The animals were sacrificed after 15 minutes and the intact loop was excised and weighed before and after draining the contents of loop to assess the final volume. After constant dilution, resultant fluid was estimated for glucose content by glucose oxidase method.\[[@ref9]\] The absorption was expressed in terms of mg/g dry weight/hour. Dry weight of the intestinal segment was measured after dehydrating the loop in ethyl alcohol for 24 hours, and then drying in hot air oven at 110-120°C for 2 hours.

### Statistical Analysis {#sec3-11}

The statistical significance between the groups was analyzed separately using One--way Analysis Of Variance (ANOVA), followed by Dunnett\'s multiple comparison test. The significance was expressed by *P* values, as mentioned in the tables. *P*\<0.05 was considered as significant.

Results {#sec1-3}
=======

 {#sec2-2}

### Acute Toxicity Test {#sec3-12}

No mortality was recorded among the rats at the dose of 2000 mg/kg. Hence, one-fourth of the dose tested, ie, 500 mg/kg body weight was selected for the study.

### Effect on Fasting Blood Sugar Level in Diabetic Rats {#sec3-13}

On repeated administration of the extract for one week, a significant (*P*\<0.01) decrease in blood sugar was found in Groups C and D as compared to Group B, which showed a significant (*P*\<0.01) rise in blood sugar as compared to that in Group A \[[Table 1](#T1){ref-type="table"}\]. The percentage of reduction in blood glucose in groups C and D on the eighth day was 70.52% and 68.45%, respectively.

###### 

Effect of ethanolic extract of leaves of *Punica granatum* on fasting blood glucose level of alloxan-induced diabetic rats
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### Effect on Glycogen Estimation {#sec3-14}

A significant (*P*\<0.01) increase was noted in the glycogen content of liver, skeletal muscle, and cardiac muscle in Groups C and D as compared to Group B, which showed a significant (*P*\<0.01) reduction in glycogen content in the above tissues as compared to Group A \[[Table 2](#T2){ref-type="table"}\]. The increase in glycogen content was more in group D than in group C.

###### 

Effect of ethanolic extract of leaves of *Punica granatum* on glycogen concentration in liver, skeletal muscle, and cardiac muscle
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### Effect on Intestinal Glucose Absorption {#sec3-15}

The test and standard group showed significant (*P*\<0.01) reduction in intestinal glucose absorption as compared to normal control group \[[Table 3](#T3){ref-type="table"}\]. The reduction in absorption was more in the standard group than in the test group.

###### 

Effect of ethanolic extract of leaves of *Punica granatum* on intestinal glucose absorption

![](IJPharm-44-219-g006)

### Effect of EELPG on Serum Lipids and Atherogenesis in Alloxan-induced Diabetic Rats {#sec3-16}

[Table 4](#T4){ref-type="table"} shows mean serum levels (in mg/100 ml) of lipid parameters, ie, serum total cholesterol, serum triglyceride, serum HDL cholesterol, serum LDL, and also the atherogenic index, in different groups at the end of 7 days of drug administration.

###### 

Effect of ethanolic extract of leaves of *Punica granatum* on serum lipids on the eighth day of the experiment
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A significant (*P*\<0.01) decrease was observed in serum cholesterol in Groups C and D as compared to Group B, which showed a significant (*P*\<0.01) increase in serum cholesterol as compared to Group A. The percentage of reduction in serum cholesterol in diabetic test and diabetic standard was 42.64% and 39.71%, respectively, as compared to that in the diabetic control group.

There was a significant (*P*\<0.01) decrease in serum triglyceride in Groups C and D as compared to Group B, which showed a significant (*P*\<0.01) increase as compared to Group A. The percentage of reduction of serum triglyceride in diabetic test and diabetic standard was 46.10% and 47.31%, respectively. The percentage of reduction of serum triglyceride in diabetic test and diabetic standard was 65.44% and 72.81%, respectively.

There was a significant (*P*\<0.01) increase in serum HDL cholesterol in Groups C and D as compared to Group B, which showed a significant (*P*\<0.01) decrease as compared to Group A \[[Table 4](#T4){ref-type="table"}\]. The percentage of increase of serum HDL cholesterol in the diabetic test and diabetic standard was 84.21% and 78.94%, respectively.

A significant (*P*\<0.01) decrease was noted in serum LDL cholesterol in Groups C and D as compared to Group B, which showed a significant (*P*\<0.01) increase as compared to Group A \[[Table 4](#T4){ref-type="table"}\]. The percentage of reduction in the serum LDL cholesterol in diabetic test and diabetic standard was 66.66% and 63.09%, respectively.

Discussion {#sec1-4}
==========

Alloxan, a cytotoxic agent induces chemical diabetes (alloxan diabetes) in various animal species through destruction of islets of Langerhans of the pancreas. After administration, it is rapidly and selectively taken up by the β-cells of the pancreas, following which there is formation of redox cycle for generation of Reactive Oxygen Species (ROS), superoxide radicals, and hydrogen peroxide.\[[@ref17]\]

In type 2 diabete melitus patients, insulin deficiency causes an impairment in glycogen synthase activation in the skeletal muscle due to the inability of insulin to phosphorylate Insulin Receptor Substrate-1 (IRS-1); this causes a decreased activation of the enzyme Phosphatidylinositol 3-Kinase (PI-3K), leading to decreased expression and translocation of GLUT-4 glucose transporters.\[[@ref18]\] EELPG, due to its insulin-like action of its phytochemicals probably increased PI-3K activation, thus leading to stimulation of muscle glycogen synthase. The increase in glycogen concentration in the skeletal and cardiac muscle might also be due to increased expression and translocation of GLUT-4 glucose transporters as a result of increased activation of PI-3K, thus leading to increased peripheral glucose uptake. The increase in liver glycogen content due to increase in synthesis of glycogen synthase in alloxan-induced diabetic rats has been reported.\[[@ref19]\] Therefore, the increase in liver glycogen content caused by EELPG may also be due to increased synthesis of liver glycogen synthase enzyme.

Tannic acid is a potent inhibitor of glucose uptake, which produced a marked loss in glucose transport capacity in isolated rat intestinal brush border membrane vesicles by dissipation of the Na+ electrochemical gradient that provides the driving force for active glucose accumulation.\[[@ref20]\] The reduced absorption of glucose as shown by EELPG might be due to the presence of tannins, which may have acted by a similar mechanism.

Plants that contain the active principles such as glycosides and flavonoids have antioxidant activity and are claimed to possess antidiabetic effects.\[[@ref21]\] The antidiabetic activity of EELPG may be due to the presence of phytochemicals (flavonoids, tannins, glycosides) in it, which are strong antioxidants.\[[@ref2]\] Moreover, flavonoids are known to regenerate the damaged β-cells in alloxan-induced diabetic rats.\[[@ref22]\]

Alloxan significantly increased serum total cholesterol, tryglycerides, LDL levels, and atherogenic index in alloxan-induced diabetic rats. Administration of *P. granatum* leaf extract to diabetic rats reversed all the above-mentioned parameters and improved the HDL levels. High LDL levels are usually associated with atherosclerosis. High HDL levels reduce this risk.\[[@ref23]\] A possible mechanism of EELPG may be due to the presence of flavonoids, which significantly increased LDL receptor mRNA levels, which, in turn, increase hepatic uptake and degradation of LDL causing a decrease in serum LDL levels.\[[@ref24]\] A decrease in atherogenic index is believed to be beneficial, since the HDL level is inversely correlated with coronary heart disease and its elevation is considered as an antiatherosclerotic factor.\[[@ref25]\] Thus, its antihyperlipidemic effect could play a protective role against the development of atherosclerosis and cardiovascular complications in diabetes mellitus.

Conclusion {#sec1-5}
==========

It is concluded that the ethanolic extract of leaves of *P. granatum* at the dose of 500 mg/kg body weight produced significant antidiabetic activity in alloxan-induced NIDDM albino rats. It is also found to be highly effective in managing the complications associated with diabates mellitus, such as hyperlipidaemia, and prevents the defects in lipid metabolism. Therefore, *P. granatum* leaves show therapeutic promise as a protective agent against the development and progression of atherosclerosis and possible related cardiovascular complications in diabetes mellitus. However, further studies have to be undertaken to work out the exact mechanism by which EELPG could be exerting its effects.
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